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Foreword

1, Purpoge: Alr Weather Service Technical Report No. 108-86,
“Tropopause Analysis and Forecasting” {s published for the information
and guldance of all concerned.

2, Scops:; This report outlines a recommended procedure of construe-
tion of tropopause charts and tropopause prognostic-charts for guidance
of thoste forecasting  detachmeats which have a requirement for such -
charts. A discussion of the basis for the recommendations and illustrative
examples are included. These procedures have been developed and tested
in Hq, Alr Weather Service and are belleved to be well adapted for the
particular present needs of this Servica, They represent a combination of
certain ideas proposed in the older literature and new conceptions growing -
out of recent experfence with the expanded upper-air coverage now
available.

8. Supply: Additional copies of this report may be procured {n sccord-
ance with provisions of AWS Laetter 5-3,

BY ORDER OF COLONEL MOORMAN:
QFFICIAL: OLIVER K. JONES
- Colonel, USAF, Chief of Staff
ROBERT B. EDWARDS
Lt, Col,, USAF
Adjutant General
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Section |, INTRODUCTION

This report is intended as a gulde to the
construction and analysis of tropopause
charts and the construction of progmnostic
tropopause charts, :

The value «f tropopause charts is demon-
strated fo connection with—

&, Determining the height at which the
maximum wind will -l{e found.
b. Accurate analyais of the temperature
field on constant-pressure charts,

c. Upper lovel forecasting for air oper-
ations.

The applications of tropopause charts in
forecasts for other meteorological elements
such as cirrus clouds, turbulence, visibility,
ete,, will be covered In future technica) re-
ports and manuals to bé prepared when auf-

" flelent experience and additional informa-

tion have accumulated.

Section 11, STRUCTURE OF THE TROPOPAUSE

The tropopause has always been defined
simply as the boundary between stratosphere
and troposphere. Early ideas of the tropo-
pause held it to be a surface of discontinuity
at which there is a marked decrease of lapse
rate. Detalled investigations of this boun-
dary with accurate and abundant data have
indicated that the tropopause is not so much
8 single surface as a layer. The term tropo-
pause layer has been proposed by Byers (sec.
VIII, ref. 3), and by Flchn and Penndorf
(Sec, VIIL, ref. 7). In this layer the lapse-
rate changes from its tropospheric value to
its stratospheric value by elther a single
change toward greater stability (surface of
gtabilization) or by sueccessive steps, giving
either a single or multiple tropopause, The
multiple tropopauses are often in evidence
in the vertical cross sections as an overlap-
ping leaf-like structure. The tropopause
layer {8 generally found at high elevations
and low temperatures in the low latitudes
and at low elevations and reletively high
temperatures in high latitudes. The poten-
tial temperature in the tropopause layer is

far from constant laterslly, being highest in

low latitudes and lowaest in high latitudes.
The greatest changes of height, temperature,
and potential temperature of the tropopause

layer are usually found in the vieinity of

- strong wind currents in the high tropo-
. gphere.

The leaf-like structure of the tropopause
has been studied in detall by Palmén (sec.
VIII, ref. 8), and Bjerknes and Palmén
(8sec, VIII, ref, 2). They found that each
one of the tropopause surfaces in a “bundle”
or layer {8 characterized by a relatively
constant potential temperature, although its
height varies. With the ald of a series of
“swarm ascents” of balloon meteorographs
they tabulated the changing values in space
and time for the various tropopause surfaces
at several siations. Thelr table for As In
Norway is reproduced as an {llustration (see
table 1),

The mean values of potential temwature
for each of the four tropopause surfaces
obsarved at As for the 3-day pariod are—

1 1 m v
294 806 315 328

The same tropopauses appeared in sound-
ings from adjacent stations for the same
time. .

Palmén (sec. VIII, ref. 8) demonstrated
that the variations of the tropopause layer
in time and space are accomplished by the

- ———
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disappearance of some individual ¢ropopause
leaves and the appearance of othery, This
fact has also been demonstrated in many
later studies, for example by Bjerknes and
Palmén (sec. VIII, ref. 2), Bémont et al,
‘sec. VIIJ, ref. 1), and Graves (sec. VIII,

AWSTR 163-84

ref. 8), and is amply supported by recent
synoptic experience.

Palmén (see. VIII, ref. 9) and Flohn and
Penndorf (sec. VIII, ref. 7) give three main
types of tropopuuse structure, shown in
table 2.

TABLE 2. Tropopause Types.

CHARACTERISTIC

TROPGPAUSE CHARACTERISTIC
TYPE TEMPERATURE - WEATHER SITUATIONS
HEIGHT CURVE
I. NORMAL TYPE \ STATIONARY WEATHER SITUATION
|
WARM-AIR ADVECTION,

‘2, LIFTING TYPE

WARM-AIR ANTICYCLOGENESIS

3, SUBSIDENCE TYPE

—

TROPOSPHERIC COLD-AIR ADYECTION;
CORE OF STATIONARY LOW

The three types represent an oversimpli-
fied classification of the diverse lapse-rate
curves encountered in the atmosphere but
are useful in relating tropopause structure
to atmospheric processes, .

" Under certain conditions at high latitudes,
the recogmition of a tropopause becomes
very difficult. Occasionally a lapse-rate curve
will be observed where there are nearly

Seciion I,

When the lapse rate changes from its
tropospheric value to its stratospheric value
by a single change towards greate atabilily,
the tropopause is taken to be identical with
this surface of stabilization. If there are
geveral tropopause leaves, or points of sta-
bilization, in a sounding, the question of

{sothermal conditions prevalling from the

ground to the top of the sounding. At other
times there will be a slight but relatively
steady decrease of temperature upward

" through the whole sounding (see Court (sec.

VIII, ref, 5) ). In either case the tropopause
is a matter of arbitrary definition. In the
latter case, one might say that there is no
tropopause at all,

DEFINITION OF THE TROPOPAUSE

tropopause definition i{s mory difficult. Due
to the desirability of representing tke tropo-
pause structure on a single map, it has been
found convenient to define a predominani
tropopause in such a way as to give max-
muwn usefulness to the single tropopause
chart.
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- Avlation requirements for the tropopause

chart vary from year to year, and it i{s not
possible to predict future requireents with
accuracy. During the last few years, nietec-
rologista have come to regard the most
important characteristic of the tropopause
as ita assoclation with the maztmum.wind
in the vertieal. In view of this, six different
definitions of a predominant tropopause
have been studled in an effart to determine
thelr suitability with respect to giving the
- best “fit” to the maximum.wind {n the vert!.
cal. The best definition appears to be as

MARCH 1932

follows: The predominant tropopause is
found at the lowest point (n the sounding
where the lapse rate decreases to 8° C. per
kilometer of pressure altitude or less, and
averages £° C. per klometer or less for the
first two kilometers of pressure alt{tude!
above the point of stabilization (frontal and
other middle—or low—tropospharic stable
layers excepted).

1 Preqgre altitode O used as a height wnlt throcghout this
Teport unless otherwise specified in order (o eliminate n large

nember of kelght computations and due to its suitability for wee
in foresasts for aviation, :

Section IV. RELATION OF TROPOPAUSE HEIGHT TO THE HEIGHT OF MAXIMUM-WIND

The relation of the predominant tropo-
pause, at defined above, to the height of the
maximum.wind {s shown i{n figures 1a, 1b,
1c, whicli were compiled frem all available
rawinsonde data from the United States and
f{ts Caribbean stations for 1950.

The results from all the data are shown in
figure la, indicating that the maximum.
wind {n the vertical is found most frequently
Just below the predominant tropopause,
There s, however, a considerable spread of
the {ndividual tropopause-height values
about the most frequent (modal) height, due
to the inclusion of all values regardless of
wind speed, location of the statiom, or type
of tropopause. (The spread of values about
the modal height is significantly reduced if
only cases of high winds are examined).

In figure 1b the data are shown after
geparation into different latitude belts
Below 80° N. the maximum wind s found
about 8 km below the tropopause, with a
relatively amall number of maximum-wind
observations at the tropopause, in agreement

with a recent study by Colén (sec. VIII, ref.
4). (The fallure of Colén's wind-maximum
above the tropopause to appear in figure 1b

4

is probably due to the small number of wind
ascents reaching very high levels.) The
frequency graph for the stations north of
40° N. shows & much better-developed maxi-
mum in the first kilometer below the tropo-
pause. The diagram for the belt 80-38° N.
apparently shows a combination of the dis-
tributions for lower and higher latitudes,
When the data are separated according
to the tropopause types of table 2, results
are obtained as shown in figure lec, For
tropopauses of type I or type II, the maxi-
mum-wind is found close to the tropopause.
For tropopauses of type III, the maximum-
wind occurs most frequently about 2 km
below the tropopause, poasibly in association
with the occurrence of lower secondary
tropopauses in this type of situation. How-
ever, caution must be exercized in the use of
tropopause types, since many soundings do
not conform well to any of the commonly
accepted types. Also the type of tropopause
observed often depends on how high the
sounding extends. Therefore, the practice
of typing tropopauses should be limited to
studles of a statistical nature and is not
recommended for dally analysis work.
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Section V. CHOOSING A METHOD OF TROPOPAUSE ANALYSIS

Owing to its complicated structure, the
tropopause presents a difficult analysis prob-
lem. A method of tropopause analysis should
gerve geveral purposes, as follows:

1. It should enable the analyst to deter-
mine the general distribution in space of the
houndary be.ween troposphere and strato-

: sphere.

i 2. It should give the location in the ver-

! tical of pronounced changes in hydrostatic

: stability. This information s significant for
determination of:

a. The elevation at which the large-
scale meridional temperaturc gradient re-
verses and therefore the elevation at which
the maximum-wind in the vertica! is found,
since the strong changes in horizontal tem-

6

perature gradient in the trcpopause layer
are associated with sloping surfaces of sta-
bilization,

b. The location of contrails, upper haze
layers, cirrus clouds and turbulence.

8. The method of snalysis used should be
simple enough to permit a generalized fore-
cast of the above features,

Requirements 1 and 3, and to a
certaln extent requirement 2 can be satisfled
by the analysis of a chart of the predominant
troyopause. Such a chart will show the geo-
graphical distribution of the tropopause layer,
from which the approximate geographical
distribution of the maximum-wind in the
vertical ig inferred. Also it hasg been demon-
strated that the helght of the predominant
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tropopause can be forecast for a 24-hour
period with a skill significantly greater than
persistence,

Major interruptions of the tropopause
involving elevation changes of as much as
20,000 feet or more can occur in certain
places, particularly in the vicinity of strong
wind-maxima in the horizontal (jat streamas)
(for example, see Riehl (sec, VIII, ref. 12)
or Palmén and Nagler (sec. VIII, ref. 10)).
It seems desirable to show these major
breaks on the tropopause chart (an analyais
including all the smaller breaks would pre-
sent an unduly complicated picture). Con-

AWITR 105-84

tinuous tropopause contours can be drawn

“n the reglon between the major breaks,

A chart of the predominant tropopause,
however useful, fails in certain respects.
Potential temperature, although conserved
in space and time along the individual tropo-
pause leaves, is not necessarlly constant
along the predominant tropopause. A plot-
ting of the intersecti)ns of the predominant
tropopause with constaut-pressure surfaces
will not aid the analyst in an analysis of the
temperature fleld. The detalls of the several
surfaces of stabilization, or leaves, ~an not
be readily shown on a single chart. '

Section VI. TROPOPAUSE ANALYSIS

A fairly complete tropopaus« analysis can
be obtained as follows:

1. A Tropopause Chart {8 plotted. Poten-
tlal temperature and pressure for each
stabilizatlon surface at each station are
plotted on a map, The particular point cor-
responding to the definition of the predomi-
nant tropopausc is indicated by a symbol
{e.g., underlining). In the event that a
large number of stabilization polnts {s ob-
served on a particular sounding, it i{s advis-
able in the interest of simplicity to limit the
number of points plotted to three—the
predominant tropopause and the nearest
stabllization point above and below it.

2. The presgure (or pressure-aliiiuds)
values of the predominant tropopause are
analyzed. Since it is not possible to forecast
detalls of the tropopause, this serves as the
hasic type of prognostic as well as analyzed
tropopause chart. The forecast tropopause
{s useful in this form for determining the
height at which the maximum wind will be
found in the future. :

8. The fintersections of each leaf are
entered on the appropriate congtant-prezsure
surfaces, Since each leaf is characterized
by nearly constant potential temperature, its
intersection will be characterized by a cor-
respornding temperature. This fact aids in
an accurate analysis of the temperaturs
fleld on the coustant-pressure surfaces.

Anclyzing the Tropopauss Chart, In
the analysis of the tropopause chart, one
needs to consider the plotted values for the
predominant tropopause, which are obtained
by the procedure described above. The
analysis {s usually made in terms of pressure
altitude as mentioned earlier, for conveni-
ence in translating the analysis into a
doscription or furecast for aircraft opera-
tions. A 8,000-foot contour interval {s
sufficlent to give a good description of the
tropopause.

Since tropopause interruptions or breaks
of many sizes can be observed in the data,
some sort «f selection is desirable. The
entering of all the breaks which could be
found would result in a chart which would
be too complicated to uxe, On the other
hand {f no breaks were entered on the chart,
the drawing of elevation lines would be very
dificult in places where the tropopause
height differs by 15,000 feet or more at
adjacent stations. A criterlon for tropo-
pause breaks which does not lead to incon-
venient complications is to draw a break
only where the difference in potential tem-
perature of the tropopause between adjacent
radiosonde stations excevds 15 to 20 degrees.
The more extensive brcsks thus obtained
will ususlly parallel the direction of high-
tropospheric flow, and will often be found

7
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in clese proximity to wind-speed maxima in
the horizontal, . ,

Portig (sec. VIII, ref. 11), following the
type of statistical analysis first made by
Dines (sec. VUI, ref. 8) and by Schedler
(sec. VIII, ref. 13), has shown the corre-
lation between height of the tropopause and
the preassure at various levels at Munich,
figure 2. (Many similar studles are avail-
able in the lterature.) The relations given
by a graph of this type can bo used in a
general way to check the tropopause analysis,
partcularly in areas where data are miss-
ing. One expecta to find a high tropopause
assoclated with upper-alr ridges or highs,
and a low tropopause assoclated with upper-
air troughs or lows. This asimple and well-
known principle will often serve to avert

inconsistencies in the analysis.
Z
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18— ~—{(110)
—(189)
e~ —{(192)
—{(232)
14— —(282)
> ~—{(339)
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6— ~—(404)
—{(408)
41— —{(407)
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er— - —{(408)
| A (408)

(408)
O 02 04 06 08 I1.0r(HgP,)

Fiaurm 2. Correlation coefficient (r) between the
afr pressura (P,) atf the surface 8 and the Aeight
(H,) of the tropepauss at Munich as a function
of Aeight, The numbers in parenthesss are the
wumber of aseents reaching the given level. (After

DPortig)
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Ezamples, An example of tropopause
analysia is shown with accompanying §00-
mb charts in figures 3a, 3b, 3¢, 1d, 8e, 81.
In order to eliminate unnecessary detail
only the data for the predominant tropo-
pause points are plotted on the tropopause
charts, The problem of intersections with
constant-pressure surfaces will be discussed
in the next section. .

Broadly speaking the tropopause over the
United States in this example can be divided
into three general sections. The most ex-
tensive section {s characterized by potential
temperatures of from approximately 58° C.
to 78° C. and Is located near 200 mb (88,700
ft. pressure altitude). A second section, lying
north of the maximum-wind (from the 500-
mb chart), is characterized by potential
tamnperatures of from 858° C, to 45° C, and
{8 located near 300 mb (80,100 ft. pressure
altitude). A third sectlon appears over
Florida on 21 March and moves northward
during the following 24 hours. This is a
characteristic fropical tropopause with tem-
peratures of from ~75° C, to —80° C. and
potential temperatures near 120° C,, lccated
a little below 100 mb (53,200 ft. pressure
altitude), There are two principal break-
lines between these general sections, The
break between the middle and lower tropo-
pause sections conforms approximately to
the maximum-wind at 500 mb., The southern
break corresponds to a secondary wind max-
imum in the horizontal, which is located
along the Gulf Coast of the United States.
This maximum {s somewhat more prominent
at 200 mb than at §00 mb, ’

In the major ridge, where the 500-mb
wind-maximum {s much weaker, there {s no
abrupt or pronounced change in elevation of
the tropopause such as can be found near
pronounced jet streams. Since the tropo-
pause breaks depend to a certain extent on
the strength of the wind at the core of the
jet stream, it is to ke expected that a break.
line will not extend interminably across the
map, but will gradually digappear towards
regions of weak wind.

On 20 March, the tropopause {8 low in the
region of the major trough at 500 mb and
over the tropospheric cold air mass. An
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120 ] 109 0 [ 1]

FioURE 8a. Trepopauss Chart for 0800 GCT, 20 Marsh 1951, Only ths data for the predominant tropopause
are reproduced (underlined), The potential temperatire of the tropopauss én degrees centigrads s plotted to
the left of the station cirels and the pressure of the tropopauss ¢a millibars is plotted to the right, The
pressurs altitude of the iropopauss in hundreds of feet {3 ¢n parentheses. The contours ars drawn én
thrae-thousand foot tntervals, solid lines, laat two digits omitted, Break-lines ars indicated by the heavy
dashed léines,
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FIlgure 8b. 8500-mb Chart with Supe~mposed Surface Fronts, for 0800 GCT, 80 March 1081,

10




MARCH 1932

AWSTR 103-84

Figune 8¢, Tropopauss Chart for 0200 GCT, 81 Mareh 1252,

"




AWITR 153-84 MARCH 1952
14 13 120 1. 4 hd-] 40 80
s g . . Y N
7
Y
/4 R .
co
80
\64 \
.
.~ p o)
. 1)
~—.. - ——— __:___ s \65 é
a9 \. "/
- 40
4
° tDny
+
. 178
-
3 =\,
IO
“\ T~ -J_\\
. N\
v -~ +
<N, - 188 )
\ ')
/ '\ d
-y 'K
0 20
20
o
' 1984] \ [ 19
113 1o "160 90 [ 1}
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Interesting feature is the small area of very
high tropopause over the Great Lakes. This
areas does not appear on the maps for the
following two days, possibly due to insuffi-
clent data. The region of low tropopause
moves eastward with the major trough
during the next 2 days. On 22 March a very
low tropopause is reported at Buffalo, N. Y,,
and at the same time a very high tropopause
at Hatteras, N. C. This difference of 17,000
feet pressure altitude in the tropopause at
these stations is assoclated with an intensi-
fication of the major trough at 500 mb and
with the beginning of low-level ¢yclogenesis
off the east coast of North America,

In the vicinity of the 500-mb major ridge

the tropopause {s high and flat. It is charac-
terized throughuut the 8-day period by a
remarkably constant potential temperatute
of about 62° C, indicating that only one
surface of stabilization is involved here,

Another area of low tropopause moves in
over the northwest part of the map on 22
March 1951, following a fresh low-level cold
air outbreak in that area and in association
with another major trough at 500 mb.

In figure 4, the details of the tropopause
structure over part of the map on 22 March
1851 are shown by the upper portions of
the soundings for four stations,

At Swan Island saveral st-bilization
points are shown, with a pronounced tropo-
pause leaf at a potential temperature of
127° C. This same leaf marks the point of
minimum temperature on both the Browns-
ville and Burrwood soundings. A weakening
of this leaf toward the north is shown by
comparing these soundings with the Dodge
City sounding. On the three northern sound-
ings a lower tropopause leaf characterized
by potential temperatures near 65° C. is
indicated. Although this leaf does not appear
at Swan Island and is weak at Burrwood,
it is pronounced at Brownsville and coincides
with the minimum temperature at Dodye
City. The break at which the lower tropo-
pause became predominant, was drawn
therefore just north of Burtwood and just
south of Brownsville, However, there was
not a sharp break in the tropopause, but
rather a broad overlapping of two tropo-
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pause leaves, each leaf being characterized
by a nearly constant potential temperature.
The representation of such a zone as &
break-line is justified by the necessity for
maintaining a simpla and feasible procedure.

In contrast to the above case, we can ex-
amine a situation in which the predominant
tropopause slopes gradually. Such a eitua-
tion is shown {n figure 5.

Here there is 3 stabilization point on all
three soundings ¢t a potential temperature
of 59° C. At Nantucket this {s the lower of
two tropopausa surfaces. At Albany, {t is
provounced, and is the only tropopause
present. At Rome, the 58° C. surface is the
higher of two equally pronounced tropopause
leaves, which are relatively close together.
The tropopause chart therefore shows the
predominant tropopause sloping continu-
ously down toward the westnorthwest,

A third type of situation is found in the
vieinity of the major ridge. The soundings
in figure 8 from three widely-separated sta-
tions on 21 March 1951, show the same well-

- developed tropopause surface, which is found

over a large area. Although the tempera-
ture in this tropopause varies considerably,
the potentia! temperature is very nearly
constant.

Intersections of the Tropopauss with
Conatont-Pressure Surfaces, At the present
time the analysis of the tropopause intersec-
tiens with constant-pressure surfaces ap-
pears to have itas chlef value as an aid in the
draw!ng of isotherms on the constant.pres-
sure charts, The baslc principle of this
application is illustrated in figures 7Ta-c.

Figure 7a is a sectlon of a tropopause
chart on which the potential temperature
and pressure at the tropopause are shown
for four stations, A, B, C, and D. The solid
line indicates the intersection of the tropo-
pause with the 200-mb surface, Figure 7b
s & vertical cross section from A to C. An
abrupt change of the gradient of potential

temperature (and consequently of tempera-

ture) or the 200-mb surface is clearly re-
vealed. The 200-mb chart for the same area
as the tropopause chart (7a) is shown in
figure 7c. Without knowledge of the tropo-
pause interzection, one would ordinarily

13
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space the izotherins evenly between the sta-
tions. Howaver, the tropopause intersection,
obtained from the tropopause chart in figure
7a, i3 characterized by a potential tempera-
ture of §0° C., which corresponds to a tem-

"
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perature of —63° C. at 200 mb. A much
better picture of the 200-mb {sotherms is
then obtained by accepting the tropopause
Intersection as the —68° C. {sotherm, which
leads to different temperature gradients

———— ey
60 & 210 60 ¢ 210
A B
\
200 mbd
60 ¢ (8Y 80 ¢ (|88
C D

- Fiovms Ta. Potential Temperature and Preseurs of the Tropopouse Surface Plotted on o Tropopause Chart.

The 200-mb {avbar on the tropopause surface has been entered,
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Example Showing the Intersection of Two Tropopause Leaves
with the 200-mb Surface (Figures 8a-8e).

e - e

. 680 210
680 s 210 80 ¢ 258 80 ¢ 258
A B C
200 mb
60 ¢ |88 80 o |80 80.0 218
50 218
D E F
200 mb
60 * 1?70 60 ¢ {70 50 » 198
50 198
G H I

—e—

———rprwesey

FIQURE 8a. Potentlul Tomperaturs and Pressure of the Tropopauds Leaves Plotted on o I'ropopauss Chart,
Values for the predominont tropopouse ars underlined, The 200-mb {sobar on each lcaf hag been entersd.
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north and south of the tropopause, as indl-
cated {n the cross section.

A more complicated example is shown in
figures 8a-c,

The tropopause chart for this situation,
figure 8a, indicates two separate leaves of
the tropopause, characterized by potential
temperatures of 50° C. and 60° C. These
surfaces of stabilization are shown as over-
lapping leaves in the vertical cross-section
through stations B, E, and H, igure 8b. The
200-mb {ntersections of these two leaves are
obtained from figure 8a, and transferred to
the 200-mb chart, figure 8¢. They are charac-
terized by temperatures of —68° C, and
--68° C. at 200 mb, The resulting 200-mb
isotherm plcture {5 fixed by the reported
200-mb temperatures and by the tempera.
tures corresponding to the trupopause {nter-
sections, It is interesting to note that an
aireraft flylng at 200 mb from G to E to C
could pass from troposphere to stratosphere
without penetrating a tropopause. An actual
situation in which this could be done oc-
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curred {n the southern U, 8. on 22 March
1951, as shown by the soundings in figure 4.
Here & flight Zrom south to north at 150 mb
would give the desired result.

The above examples, although slightly
idealized, {llustrate a use of the general
principle that the {nfersectione of the tropo-
pause surfaces (leaves) with cunstant-
pressure surfaces are charactarized by
nearly constant potential temperatures and
consequently by nearly constant tempera-
ture. On a coustant-preasure surface iso-
therms can extend from troposphere to
stratosphere: (a) by crossing tropopause
leaves at wide intervals, or (b) more com.
monly by extending between intersections
of {ndividual leaves, as shown {n figure 8.

A situation frequently i{s seen where an
oxtunsive tropopause break-line is found be-
tween tropopause leaves which do not inter-
sect a constant-pressure surface, e. z.,, 200
mb, similar to the 22 March 1951 analysis
shown in figures 8¢ and 4.

B E

- T s
/////// 60
|, ~~ /// /:/""‘ —t— —_—
70 == > T< gocme
Ptk g ~ 0
—
-—’-"
80 45"-——-{ ~~~~~~ *"\ 48

Fraume 8b, Vortical Cruse-Saction from B to K to H, Dashed knes are ttentrovie
surfaces, Heavy lines are the tropopause leavea,
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This type of situation is also shown in  in figure 9b. According to the definition of
figure 9a where the tropopause data for four the predominant tropopause given earlier,
stations Ig shown, together with a break-line. 200 millibars at stations A and B is in the
This corresponds to the cross section shown  stratosphere, while at stations C and D it is
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in the troposphere. The resulting tempera-
ture analysis at 200 millibars {s shown in
figure 9¢. :

The entering of the break-line on the
200-mb chart from the tropopause chart is
merely a matter of convention, and has no
value for the temperaturs analysis, In this
type of situation the isotherm analysis has
no relatlon to the line separating strato-
sphere from troposphere on the constant.
pressure surface,

A fina] example of tropopause analyais is
shown in figures 10a-f in order to {llustrate
the tropopause intersections with successive

MARCH 1932

constant-pressure surfaces and their rela-

_tion to the isotherms. The complete tropo-

pause chart ix shown in figure 10a., The
high-level flow pattern for the :ame time is
illustrated by the 200-mb contours in figure
10b, and the tropopause intersections and
{sotherms on the successive constant-pres-
gure charta from 400 mb to 150 r1b are given
in figures 10¢, 10d, 10¢, and 101, '

The 400-mb and 150-mb charts represent
the two extremes of tropopause height for
most of the map. At several jlaces in the
northeastern States the tropopsuse is found
as low as, but not lower than, 400 mb, The

) v,
vof- it

roh

36

20

120 ne

F1oUR® 10a. Tropopauss Chart for 0860 GCT, 16 Jan 1951, Plotting model {s the sams as in Figure & szoept
that the potential temperaiure and pressure of secondary tropopauss leaves are entered o seell as the
valuse for the predominant itropopause, which are underiined, '
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F1oURE 10b. 200-md Contours for 0800 GCT, 16 January 1851,

400-mb chart is then the highest constant-
pressure surface which les entirély in the
troposphere on this date. Here one can see
the typleal tropospheric pattern of isotherms
nearly parallel to the flow pattern with a
warm ridge, a cold trough, and tempera-
tures in general decreasing northward. With
the exception of part of Florida, the highest
point on the tropopause chart is at 150 mb
at Oklahoina City., The 150-mb chart is
therefore completely in the stratosphere over
nearly all of the map. The isotherms here
tand to parallel those at 400 mb, but with an
oppositely directed gradient, cold tempera-
tures being in the south and warm tempera-

tures in the north, giving a cold ridge and &
warm trough. L

Occasionally forecasters attempt to ana-
lyze the tropopause intersections with con-
stant-pressure surfaces from the horizontal
temperature fleld alone, by drawing the
intersections through lines of minimum
temperature. The 150-mb chart from this
series {llustrates the fallacy cf this anproach.
There is a line of minimum temperature
extending from Little Rock, Ark., through
Ely, Nev. This is associated not with a
tropopause intersection, but with a general
reglon of high tropopause well below the
chart, at about 180-200 mb.

28
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FIGURE 10c. 400-mb lsotherms for 0800 GCT, 18 January 1851,

The tropopause intersections on the 200-
mb and §00-mb charts are shown in figuves
10d and 10e. The §00-mb chart {s mostly In
the troposphere, the tropopause intersection

' lying far to the north. South of the inter-

section the temperaturs fleld resembles that
at 400 mb except that the gradients of tem-
perature and the amplitude of the isotherms
are smaller. At 200 mb the tropopause
intersection {s well marked, not so much by
temperature minima, as hy a pronounced
change in the temperature gradient in the
200-mb surface, from very weak gradlents
on the tropospheric side of the intersection
to relatively strong ones on the stratospheric

24

side. On some charts these strong grudients
on the stratosphleric side of the intersection
become phenonmenal, with correspondingly
large vertical wind shears, sumetimes reach.
ing values in excess of 10 kuots per thousand
feet over conglderable depths. In the tropo-
sphere at 200 mb there is very little hori-
zontal temperature gradient, in general, as
well as on this chart, Here the gradient is
especially weak. The unusual nature of this
situation is possibly due to the fact that the
tropopause is nearly flat and very close to
200 mb over a considerable distance, as can
be seen from the tropopause chart, figure
10a.

Lt ne
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Figore 10d, 200-mb Ieotlerms for 0300 GCT, 16 January 1981, Doubls linve are tropopause ixtersactions,
Daghed double Unc indicates o dreak-line at 200-mbd, fe, a line dividing stiatosphers from troposphers at
200-mb but where no tropopause interseciion occurs,
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To date only a limited amount of iufor-
‘mation {s available on methods of forecasting
the tropopause helght. The correlation be-
tween pressure {n the high tropesphere and
the height of the tropopause offers a fore-
icasting possibility, However, Portlg (sec.
VIII, ref. 11) points out that the oxistence
of this correlation does not lead to & simi-
larly high correlation between the 24-hour
- changes of these quantities. It can ba seen

from {nspection of the daily charts that the .

times definite and sometimes very doubtful.
In preparing 24-hour forecasts of the
tropopause-height distribution a faw pre-

-+ liminary indications of some value have

- been found. Tho first step 1s the pletting and
analysis of the 24-hour changes of the tropo- -
pause for the last several days. In dolng.

this sufficlent accuracy is obtained by plot-
ting the change values at each station and

_ then drawing continuous lines connecting .

equal values. This {8 not & strictly correct
procedure in view of the fact that break-
lines are drawn on the tropopause charts, A
moro exact method of obtaining the changes
would be the graphical subtraction of a
. fx¢opopause chart from the previous one with
nll discontinuities buing entered corredtly,
but the extrs effort involved does not stem
noticeably to Improve the results, -

The next step in the forecast procedure {
the preparation of a 24-hour 200-mb or 800-
mb prognostic chart. For best results this
ghould be done very carefully, using ali avail-
able aids. The present and forecast velocity
flelds should be represented by {isotach
analysis (see AWS Marual 105-23).

The height changes of the tropopause can
then bo forecast to mov: in paths extrapo-
-lated along the 200-mb fow, and traveling a
distance equivalent to the previous 24-hour
fravel of the change centers, their speed
being increased or decreased by an amount
proportional to the increnss or decrease of
the 200~-mb winds, The intensity (and size)

30
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* Section Vil. CONSTRUCTING THE PROGNOSTIC TROPOPAUSE CHART

of the change patterns can be modifie ac-
cording to the following rules:

In a particular locality, the discontinuity
of tropopavse height at a break-line will
increase if the speed of the associated wind
maximum at 200-mb {ncreases, If there {s a
jet stream forming or inereasing and né
agsoclated tropopause break, a break-lire can
be exprcted to form in the viclnity of the

~wind-maximum, If the speed of the et
. stream {s forecast to decrease, the tropos
‘ ! .~ pause discontinuity at the associated break-
relation between height changes at ¢ surface -
such as 800 mb and height changes of the
troropause is not dependable, buing some- !

line will also decrease. Extensive midlatitude
braak-lines not closaly associated with prom-
inent 200-mb wind-maxima will disappear.

If there {s a distinct northward shift of
the jet stream (or more generally a shift to
the left'as one looks downstream) in a par-
ticular area, tropopause rises moving {nto
that area will increase in oxtent and inten.
sity. Tropopause falls moving into the area
will decrease or disappear.

‘If there is a distinet southwars shift of
the jet stream (or stift to the right as one
lookd downstream) in & particular area,
tropopause rises moving into the area will
decrense or disappear. Tropopause falls

movinyg into the area will increase in size

and Intenaity.

On certain occasions contradictory results
seem to arise from application of the various
indlcations given above. Thus the rules may
lead to surprising forecast patterns which
ar¢ often actually observed, such as tropo-
phuse change centers of opposite sign mov.
ing along on opposite sides of & tropopause
break-line. _

The above forecasting indlcations were
derived mainly from analysis of the numer-
ous vertical cross sections published in recent
years relating the thermal structure of the
atmosphere to the wind field, In practice
they have given results which have been
useful in forecasting, and i applied prop-
erly will enable the preparation of a fore.
cast considerably better than peraistence,
They should, however, be regarded as pre-
liminary indications until better ones ara
developed.
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